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(54) N-TERMINAL CHEMICALLY MODIFIED PROTEIN COMPOSITION AND METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a protein composition containing a cooperative 
interferon, etc., by binding a reactive aldehyde group-containing water-soluble polymer to an 
Of -amino group such as a protein or the like under a reductive alkylatlon reaction condition and 
then separating the reaction product. 

SOLUTION: In this method for binding a water-soluble polymer containing a single reactive 
aldehyde group to a protein or its analog, the protein part is reacted with a water-soluble 
polymer part of a poly(N-vlnylpyn'olidone), a polyethylene glycol, a polyvinyl alcohol or the like 
under reductive alkylation conditions using sodium boron hydride or the like at an acidic pH 
sufficient to selectively activate the Of -amino group of the amino end of the protein part to 
selectively bond the water-soluble polymer to the Of -amino group and the reaction product is 
separated fi-om the unreacted part to give the objective chemically modified protein composition 
such as an N-terminal chemically modified G-CSF composition, a chemically modified 
cooperative interferon, etc. 
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8 9 7, 4 7 1 ^:fo'<fct?4 , 6 9 5, 6 2 3^{i*0Mi 

mx^mmLri>rj:\,>^m raj ^fj^fflLrv^s. ) i f 

N - c 0 n ^3- Ff -5 D N AIH^Jti. ±12 tfc^lf I^lc 

^LTJ:v\ I FN-c on.i-°';-^7'^Ftijff$L< 

ti. mcE. CO 1 i(Ch^yX7t-AS 40 

•^fc§o iP^. I FN-c o n(i;ffl^^m I FN-c o 
nt?feSo I FN-c on{ii?tt<l4E. c o 1 i tfi 

til FN-con, fe:oi/'>TK 1 e i n^O ] . Ch r 
omatog. 4 5 4 : 2 0 5-2 1 5 (1 9 88) IC 

fm-^nrziimic^i)m'm^n^o mm-^nrci fn- 

FN-con, «^5^;t-;H FN-c o ni . ffij;>«f- 
:t-;l'I FN-c o n. feJ;0=7ny^'^tlfcN*^^ 50 
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^-r^sa^;^^*-::^;!' I F N - c o n . (om-^m^^^t 

^ (K t e ! n^. Arc. Biochem. Biop 
hys. 276:531-537 (1990))o£^ 
hHt. I FN-c o ntt#^(?3*|l$tlft-rV7^— A 

^#Wr^o I F N-c 0 n£D'fy7;^--~iAtiSII#t?) 

BP'S. *^fic[)fc5 l-:3(7?SISii. ny-try-y-X-fy^ 
-7xayMJ5^-5b'!I FN-c 0 n. . i FN-c on* 
FN-cona XKir^^Wti'^miR^n^it^ 
iii{|i3y-feyitX'<y^"7xDyi?s;s„ -fb^^fii 
p E G © ct 5 ^^B^ilttcE^-r 57j<»i? 'J N'- 

xmiRmHM^itmmmi-^s ^ t j; v\ *Eiiis 

^■ri.^ii^J3t±, jKUx^l^y^-'Un-;!/®^ (P E 
G 1 2 0 0 0) tCN^iSiT'i^-&Snfc I F N con 

I ^^^^^t^im^m I F N con. ^mmt^i> 

[0 0 4 7] fe^ 1 0<DSHitc:fel^Ts *%flB©73?S 

i,t. >t° U y U n -;va553^^}^S 3^555- 1 SJtlS-S- 

iet-^ictiDG-c s F*3J;tf3y-fey-9-x-i'y^?-7 
X D y ^1t^t' ^ ^ o y X f - u y y n g 
-C S Fiei;i|5^iciim^bTI/^§j;^*PE GitG 
-CSFa^^CD^BJ (N«PEG<kG-C S F^ 

^©*iat?$.^£^S{i*i^) %#^fe46fcfi, KttpH 

[0 0 4 8] *f|B^c7)M(CSiJfiDi^«1^43t/^Tti;. ±IB!|^ 

(Dmmmns^^ (f?y^^f hux-Hc k yy 
m) . pH*iJ;r>V*y?iS©#jK^J;^Mfc'ctt;Rl?S 

<kSiJ (tflJ^ff T w e en 8 0, 4^ U y;P-^- F 8 

0) . mmitm (mifrx^^i/eysi. ><^?a3Hi^j^ 

:^FU7i.) ^ (PJ^«'9'^;i'V-;K ^y^^;i/ 
T;l/3-;l/) fecfctfJtS^iJ (0!l^fi*ILII. vyxF- 

n V i V o^^ffiilts *3J;tf i n vivoi'VT^y 
XMSfC^^f^o 'e?lJ^^i\ Remi ngton©Ph 
armaceu tical Science, 18HS 
(1 990, Mack Pubiishing C 
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o.^Easton.PA 1 8 0 4 2) <75 1 4 3 5 - 

1 7 1 2^~mcmmnxm. ^<r>nmmm&:>tc 
[0 0 4 9] ^mmm^^mmmt-iisy^^x. 'im-n'ik 

/ G ~ C S F m^W ft imm(D G - C S F ©jtlfilSE 

iiigif?'^ ft \,tm^wmmm:^t ^ tabs ^-^ 

«>SS^®^T'fei.o ^:©J:•5*ffi^;)?^D-m^ F i 1 
grastim{r~met Hu G — CSF)s C 
tinical Practices Morstyn^ 20 
G. *3cj;tfT. M. Dexter^ e d s. s Marc 
el D e k k e r, I n c. s N. Y. s N. Y. 
(1 9 9 3). 3 5 1 HfcRSic^tlT^^^p *3S!fJ©>i? 
^™/G - C S F,^-&{*<DK4lC<fc 06MSftt*»i 

a. G-c s FA^yvx^z—f^ffiftihtiatDj^i* 
^n^(D^wicm)^G~cs¥ ($ftti!Sfw*) <oj^ 

«s ^m^^OW^iC cfc 0 jS^jSSSfc 0 to G - C S F 

ft6-r«.©T$.§o 

[0 0 5 0] -aawKs ^mM(om-^-/::3y-ty^ 
figj5:ffi4f;TS>!?> mMmmm.. ^^^j^t.^^. ^xxf 

Maus Balmer. DICP. The Anna 40 
Is of Pharmacotherapy 2 4'. 

761-767 (1990) Cff>mmizmf^mi!& 
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y) #f.io 3>-t:>-9-;^Y>'^-7xpy*fflt,^ft« 

iM?S3^S<DJ&«Oft46cD:^}4fc'J;tMMfesi. 19 9 2 
^4^3 0Bi^li©PCT WO 9 2/0 6 7 0 7^ 

ffl*^5A^rL^„ ffjS^ (A. B. C. Ds E) i>t 

■^nm<o? E Qit^r^yty^Ts-^y^-y xuy'T^l--^ 

m^^xm^m^x'h^. %.mr^w^mt. t n v 

i t T oX{tmBmt^tzziy^y^7,'<y^-y 3lu 

yi,mit¥m^^y'byvrX'^y^-73:uy(DM!is^ 

[005 1] ±Ebft^^?(O^T^co^,^T. w.icmn^ 

Mi-r ■§> tcts-p Ts a-i? 0?£4^tDf&;SiDft 

KMlc. aS*$fttiftA«Oft46lt{is ^StiO. Oi m 

~ioo^g/kg (racjf-m^iiS'cso T'S.So 

Co 0 5 2] i.;(Ttci2ist§^]^^js*. ±mLrm^(o 
mm^Mmt^^<Dx^^o h^jit-^*, n*«pe 

GltG-CSFO^ij^S;^ (G-CSF met + 17 4 

7^/mM(D) vi^y-s s^rciiV'Jy-i ix^y 
p EG^t^nftG-c s F titmhrj:ti'^i^mmt^. m 
mmzitnm&p e G^tc-c s i?icmf^:^mmom 

4gPEGftG-CSF O^K«lCi^M5§:iaSi5*#^. 

ll/j|0»j3tiN*4^PEGil:3^-ir>ij-X'f:/^j-7 

[0 0 5 3] 

mmim mm m i 

A. m»i;^thme t-G-CSF<D« 

ffimt hmet-G-CSF (*0^Ml:ii " r h G 
~C S F" ^fcit "r-met-hu-G™CSF"i: 
it. ±.m<Di:dKS o u z a#fF. *ISlffF^ 

4. 8 10, 6 4 zmc&^yjmcm-oxmmLrc, c 
<ommm%t Lxif-mm^Km^xn^o ^mbft r 

hG-CSF{±s (DNAiE^J£d;oT3- 
H*n§) 75y^E?lJ^fcOE. col iS5^<^)a3^ 
^fgim!|^T?26^ft (iS^JS^lfeJ;tf2) : 
[0 0 5 4] 
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(cn{i;*mB§i!i^tc^ffltfc#p e sitmmK'i. 
en (mm^m ^mmLri>^^^ (co^^y^-piz^. so 

B. P e g^tG-C S FOi^Sg 

1 Omg/m 1 <D±fBr h-G-C S VmM^l 0 0m 
M Bicine pH8. OK'^-^Lrcmm.^. 
^I'Mf)^ 6 0 0 0 ^"^V b y<DmW(0 S C M-M PEG 

N-t Kn4^e/X;5' v-r.Sv-VVxXx^W (Union 
Carbide) (CiittlLfco c:tltcJ:-pTr h-G 
-C S F j:f?t S CM~MPEG*M . S'EJVMMUlfS: 

o mp^ g < jiff L rm. umiK-vm^m^ 2 m g 4o 
m-mitmz 3 PEG^trh-c-csF*^ 

e-MfiKStlT*;!?. ^<Dm. i/'PEGfhr h-G-C S 
F . r h - G - C S F > fecti/SiSOSiMI^!! 

C. N«P E G^tr H-G-C S FOMiy 
ami'D^/P EG^tr h-G-C S Ft^: -f+y^j^ 

»i«A (2 OmMB^^:M-';^A, pH4. 0) 50 



T'¥WtL'T?/^^Ph a rma c i a S-fe77a— X 
F Fj&vi, (P h a r ma c i a XK 5 0/3 0yif 
4 Om I) JCiitoLfc (imgga 

^Lfto gem0~2 3%tO«^4gKcD^«B (2 
OmMl^^thU'^A. pH4. 0. IM NaCl) 

«AT'Sje¥^i^b^^^fco »^^<*0?5l3lfi 8 m l / 
^HcltlfLfca ?gSISiJ%2 8 0 nmT?*-^'~L. 5m 

1 ©^^iB^^iix^t/co p E G{tLrcm^(o^7-m^ 

5 0mL Am i c 0 n^-b/l/^^oTSIIL^Co 
[0 0 5 53 P E Gft:«'?S*^?.':^P E Git^^m 

-mc. 5~i OmgA^Aoft2~5m 1 (Dm»t^fe^ 2 
OmMOglF?tthU'>A^ pH4. 0-eWtb/-=12 
OmlCPharmacia Superdex 75 
HR \ B/6 0ijyLXzWM\^tc^ i}'7Jx^ 1. 
5 m 1 1 0 O^i-m^titU. 2 m 1 (O^^H^iR* b 

fco fJllMf:)®e«#^m2 8 0 nmt?*~i5r-L 
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[0 0 5 6] 
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D. mmt 

fe: (1) SDS-Page (01 B) . (2) ■y-'i'X* 



*2 
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*gf!5^^?p^h^#-^7-fHPLC ( "SEC HPL 

c" ) (02) . (3) ^zfi-Vr-y\£y^'6iffi (03 
A. SB, 3C). (4) in vitro G-CS 
F/UtTy'b-^ (134) , fc-JcD' (5) 

HV^fcin V i V oiS^ (05 Afejctf 5 B) o 
[0 0 5 7] N^S^tCt/P EGltbfcG-C S 

^tcPEG{ktT*5»)> ®!3«^^PEGftLTV^^:t/^ 

tiS 5 ^ V ^ ^ c ^^liET ^ <D ^ (-9- 7°;!/ 

tot/ p E Gimn (Nm y s 5 t(d p e g 

its US^>'4 It^-OPEGIt) O^'^t-Ol^Ts ^/P 
9 7 X&LJiiSi^/ P E G ft^tlT^ 0 s U v'^' 3 5 T' 

p E G itmm^^n^ 'o^^< ^tr^m-^^ tco c na^ 

[0 0 5 8] 
in 2] 



n:*«SP E G-fbG - C S FOi(BBS4 





PAGE 


SEC HPtC 




G-CSP 


&7. 44 


9 9, 4 S 


96* 6 


G-CSP 


2, 56 


0, 5 7 


3. 4 



yi; n-;l/^^^i!3^A^e^t£^i'ii$ni.WItlifili!b^fe§fc [0 0 5 91 





PEG--GCSF 
(RI/UV=. S6) * 


PBG-GCSP** 


LYS4 1 

FEG-GCSF 
(Rl/tJV-l 12) 


SDS-PAGE 


97, 44 


7 7, 4 1 


100. OD 


SBC HPLC 


99. 43 


9 3. 3 8 


9 9, 9 6 



^mmt^oimi^^n^o crmsEc hplc 



1. SDS-PAGEo S DS-P AGEtilPS7C4~ 
20% ISSDaiichi Pure Chemi 
c a 1 s mm 05-'yVi/t*5i.>T. n-Viy-7iJ 

i; 7 > h R - 2 5 0 ^fe^fij^ffli^T^* nfco 

^Mi Image Quant ^m^^rcM^'^'f-MMif 
tC«};-:3TX+-V>'Lfc„ : ^SSfig 1 B}C;S^L/T^ 

b->»^i (t!?)^e.iat^tT) tcfise^co:j^?a 

#^p{Novex Mark 1 253'7-SISP) A^Ao 
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Tl^fto L'->'2lCt±3 gOr h-G- C S F» 

pb^^-t-StXTt/^-S, U— y 3 iZii I 0 II g(DS CM- 
G-GC S F;EiS?g^i^7b^^AoTV^§o U'-y4t{i 1 
0 (i gONJl^S^^y P EG^tG-C S F^i^-a-StlTt^ 

5. U->'5t{iN*-!S|it?5j<^;tr.yA^P,iD3 5»g© 

ss^eam^nfcu p e cftL/c-ty p e g^g 

EGfkLftt/P EGftG-C S 0/i g^tSnr 

[0 0 6 0] 2. '^Axwrn^n^v^'y-y ^-mms, 

i^^^U-^yff^y S E C~HP L CtiWa t e r 
s©HPLCe/Xf-A, B i o s e p SEC 300 
0:^7A, 1 0 OmMOyy^-t hU'J'As pH6. 9 
^fflV^Ts 1 m 1 /^^cT^jTlii-ez 0 55-ra^ffiLfCc i'^^' 
•:f-;Wi2 8 0 iimT'^-^t-t/'Co : laZ;^)^^^^*^ 
SJ;^^C^ N5i54SJC^r/P EGftUfcr h-G-C S F 
^tr^ty^-fy "C" ae-^';<)Mf@Tfei3, ^-O 

" D " ( >; 3 5 tc^y p E G {v^rmm ^^-(S 20 

"E" CVi'*y4 Uc^/P E GftLfclSsM) fe^SJO 
t:°— ^'^iMf|S|-e$.ofCo dtlfi^/ P E GftG-C S F 

[0 0 6 1} 3. ^r^K-7-yt!y^i^» ^iDT^JS^ffll.^ 
fco "^^/-PEG-l", "ty-PEG-2". 

"^:/-PEG-3" tmin^3-:>o:}^yy;\y^j^m 

Ltto 

(a) ilTcT^l-^/Wto ty~PEG G~CSF(D5 
00^8(^7 U 3- b^^iSKg^lE^L, 6MO!g®^" 30 
7::^>^yi: I mM©E DT A^#t?0. 3M€)Tris 
-HCl (pH8. 4) T')iiSlmg/9 5 0;i HCH 

mi^Lfc. 'Mz-i)-y'/McB~-mm^ki^xs~f})v 

t-^iyy^^Mtly. 3 7V'V-Z0^?S'^y^a.^~hb 
^Co^J^KSephadex G--25 Quick S 
pin P r o t e i ni!jyJ^^m^-^r^yf)l^W^ 

mi&^Mnt^ctKi:-z>r-^yy}l(Dm&^o. 5m 
g/mHcllSLitc (b) x>'Krnr^'-f— ffSV 

8 mit. ■^yf?ui s V 8 ^m^^T zs'cvze mmm 40 
{tLfc (.mmtmn<Dj:m 1 : 25) „ (c) hplc 
^T'g^ -y If y m&n.m^m^ v y d a c c 4 

(4, 6 X 2 0 Omms i|t?-y-'l'X5 /i. ILfS3 
OOA) ttaXL-s 0. 1 %T F Acf^T-b h-hU;t/0:) 
aiS^fSa^JHv^Ts -<7°5^ F^H P L C J; -3 -y 1^ 

mM'&M.mLrco mm ■■ ^^mmttrnvx. ( i ) 

(03 A) "tZ-PEG-l" (NTR^t/PEGfb 
(Om-^. lf-^l±5 7. 3^T-M^> 7 7. 5^J- 

xmLh^\^~'i^fmnrz; u i) (ssb) "^z- so 



¥im¥ I 1-3 1 06 00 
p E G - 2 " c; i^y 3 5 P E Gfbbfttlll) OS 

Vryysy'^-^L.do. z^y(0^-:fi-Y<D\^~'^ 

S^-bWL. 6 6. 3^HciiTH/^lf-"^AW^«n 
fc: (f i i) (E13C) "t/-PEG-3" (US'* 
y4 1 }CPEGftUfc*^«) U'r>'->3>5?-l' 
A3 0. 3^>£Dtf-^^f*&<. 6 6. 4^tcS)Ttl/->lf- 

i-^WA^fe^fe. (d) N7Kiiig(D§R^i^^:^/r. ±ie(^)V 

TFA-£:«j54U AB I m&ni^-^y^X'm^m'^ 

hfco "ty-PEG-l" (NSHIlCPEGftLfcl^ 

1 0 ■y-^' ^'^I'TBB^ijj^^^tifco mmwm\i 5 

*4)l'^7°f- FO^>0"Z?M~ T - p- L- G- P- A- S 
-ST^ofCo "t/-PEG-2" (Ui»3 5tcP 

fco Vi^ys5oym>'si.^it^Mi^i&i}^-orci)\ 

B3 5T'<DPEGffc^3ntTV^?>o 'J i^^- 4 1 (DElilX^ 
tJtlTt/^^V^Ccii^S^itLTI/^/Co 3 0. 3ld-<0^':fi- 

i^-^-^tmif'-otco 3 0. 3^©'^:/^Hfi, mt-§ 

'^7''^F(Dt:-^'McD5 7. 5%LA^:^A^ofCo CCD 

^""^s-emta^nfcffi^jfi k-l-c-a-t-y-k 

•-Ll?^o?-uo "*y-PEG-3** OJi^yilK? 

EGitLMm) om-^. 6 6. 4 5^ttmaib/c-^:/^ 

;b-effi?iJi^S^tifco i^Hi^nrcBe^iJti k ~ l - c - a 

-T-Y-K-LT36f). U^^>'^S3 5fcJ:tf4 1% 

^A^-^t/^fco y 3 5 (DMiRmmmmM(Dmm't 
|B)i;-efeof=. yi>>4 1 ©0i|5iiipti*Mic€<, en 

tiffiB4 1 -etOP E Gfb^^LTl^fco : 

p E G- 1" {*N*sitc-ty p E Gif^ntcmnx^ 

^ ; "^:y~PEG~2" (iUi>>3 5t-gPPEGlt 

tnn:^mxM>^ ; Sfc - p e g - 3 " ii u v^y 
4 ncp E Gft;?tifc!K!iKt?feSo mMUW- (m E G 

{bG-CSF) tGC S F^/PEGftK 2. 3 0-^ 
y^Fv>y7'^i:fcteiT^C<5:tcJ:oT, "^/-PEG 
-2" (Dv^yS 5) i: "*/-PEG-3" (Ui^^' 
4 1) <DV-y7'ti. N*«'^-/^FcfcD*)fc!-^'i^*5t)^ 
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u i^y4 1 tistc'>*©N*4i p E Qitmnts^^^n-z 

[0 0 6 2] 4. I n V i t r orSffi, ^SSiffittT 
feofco il4t* i n V i t r o T •y-fe-YtO.lgff:^!! t 

SttW> r h G - C S F <D?j§tt<D 6 8 %T'^o 

fcc, Tj^fe : G-C S F<7) i n v i t r o/W:t77-fe 
-YlSv^xa 2DWacOG-C S Ffe#<^D">%?iJ)l 10 
•ri.«^^S7y-lri'T'^5o «^5%©F B Sfei 
2 0 n g/m 1 ©r hG-C S Ft'^Kofc I s c o v 

h G - C S F ^V-'itfiJgttlT-ilfla^ 2 iHliJtj^b 
fco 4 8;^)^&0. 5ng/ml (4 800~50IU/ 
m HCtlS) Zt'-f>YcOr hG-CSF 

mmmmmmLfco mmmm<ommim d ooo~ 
3 o o o i u/m n fcA§ t^mtn^ A-oco^mw. 

Tco Ctl6tOWDH*^ft© i n V i t r oStttiffil^ 20 
Tcld. PEGfkLfcr hC-C S Fi^yy;I/*lil4~l 

1 0, 0 0 0ffllia/'>x;l'*#CJ9 6'>x;V-'7 

71c. 5. 5%coa ti^o^Tic4 8mmm^^rc 

IS. §'>x;UtCO. 5/imC i<0^^;I/~' H-^Sv^ 

y^'MuLrc. 1 BBfP^?^. :^i/-h^iKau 

h tfto fflSlS^ffii^ ( r h G - C S FM»<OM^ ( 1 

og) vs C PM-z^yi'^^'^yF) ^IML. m 

mm^(omm^'^Kx^t°^yHc^\^'x. mmmm^ so 

PEGibS£D^-6N*4|iS(C^/P EGftLfcG-C S F 
(Din V i t r o4^^¥e^Stt/?J^SlST'fe^o 
[0 0 6 3] 5. In vivoffitto In vivo 

um\c J; o T N*sfc p E G {b LTcwmtm^mm l 

?Co In vivolSiltiO. Img/k g<0-^y 7)1 
-^-r^C^lCjc-^TfTofCo IP^ 1 Bf^-SS 4 EOS] 40 

z-ocD'eypEGitWM. inMtit^)i^y3 5) it 

mMmffR<. -iiWy^ i-e®e«*PEG^tb 

?c*«gMOSf£^(i*fiif|i rhG-CSF©in vivo 
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f s weittA^^ t) , sell* p E G ftt 5 c t ©^ij^-isti 

(CRC Standard Mathemat. ica 
1 Tabless26r.h Ed. (Beyer, 
W. H. . Ed. ) CRC Press Inc., 
Boca R a l: o n. F L 1 9 8 1 . P. 125) 
tefMoTSiH) {*, Uv'ya 5i:N*S^O*y PEGft 

E. ^mmM. 

P E G{tL/fc^]-7ffltC0V^T, S'^ttM^^^ffiL 

fco ( u i^'y 4 1 \mis^^{m G - C S F ^± 

|II^!S:l^c:fc;?)W^n?£fcfeffifflL/S;:6^^fc) . Cfi 
eOlSi^tJCoT. N*4glCPEGfbLfc:G-CSF*^ 
4>9--73i?5t/ P E G^fcG-C S FT?S§^/P E Gft 

htmtl^nfc. ^^tei S E C -H P L C*«oTll 

■fi^k : N^SStCP EGibUfcG-C S F t';i?>'3 5\Z 
-t/PEGftLftG-CSP:^, pH4. 0*J<ttfpH 

6 . 0 1 1/ ^ d 2 ipio p H , 'HM 4 °coT"e^ n^ns 

iffi 1 6 B lltl^f; t fco p H ^ 6 . 0 {C±lf ^ , iPptS 
£f±M)^W^*^T'tfe^)^§„ pH6. 0O^t>:/;bO 
±j2!iO*'5fcil^tfc, N*«(c^yPEGftt 
fcG - C S F i?y 3 5 1^/ PEG ithtz G - 
CSF*. 2 OmMOji^^h';>i^A, SmMOP®^ 
hU'J'A. 2. 5%v>'->-;l/, 0. 0 0 5%Twe 
e n-8 O^^t^pHB. 0<??fI«t^An, SI^SS 
gjjMA^O. 2 5mg/m 1 il^^ck'pt Ufto 
y n- h 1 m 1 1 OM®?^^^AaMffl/Wr;WcA 

T«i^ 1 6 a^SWLfco S^ttti SEC-HPLCF 

U'->'>^^tci;oTff«bfco moMi!b^s?r} mm 

= 0) Oi!J^tti:!^i:T'3&ofc«^ (^aSMSfcJcoT 

Sig:^ : 6 A ~ 6 C tCg^ Lfto 

(a) pH6. 0, 'U.mAXX<Oimo gl6AfiN5|^^ 
^C^/PEG{btfcG-C S F*pH6, 4°CT'«WL 
fc^^i O S E C - H P L C T'D 7 -r L T43 0 , 
la 6 B t* U 3 5 tC^E:/ P E G fb bfc G - C S F ^ p 
H6s 4T;T«Wtfc3i^(3:»S E C-HP L C7"'D7-i' 

HiG-C S F ^i5fttO^miOt/»c*Doo*^i:/0r(! 

( b ) p H 4 . 0 , &&. A XX'<D WMW§;. P H 4 . 
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(c) pH6. 0. ^^m4XT0M$io aeCtiCliOJ: 
^^*ftTK»mi«^S^bfc^^cDt/ P E GftG-C 
SF<DSEC-HPLC'/a7'f-;P«-S^UTl^^o IB 
mom^. pH6. 0. gg^tcD^^. Uv;>3 5tl 

Siii 6 0@sfctj 3 5 0BT«. GBmrnm-^ntc 

me B) ^.mU^P E GtoiS^$ti&;?)^o 
MiSMi 10 

A. N*«Oa-r5/^aic/K-&$-ti:fc^/-;^< 20 
e/^-fJx^UV^';:a-;l/-G C S FI^-a-#©SI||« 
2 OmM(?:)N a CNBH. %^Cy 1 0 OmMcD'J ^it 
•thU^A (pH5) cp©. (4\;) JtflLfcr 

hG-CSF?§?g (ImK 5 m g /m K ±IBM^PJ 

xf^l^y^''y n-zl/T/l/xt K (MPEG) 

6 k D a) ^ta^fco raUSjtT'E^S^g-^^jtft^ 

Co 0 6 4] Rjtmcs&m<Dim-b'iEcDum&c-orc 

■hHt. Bio- Si I S E C 2 5 0-5*^A (B 30 
I 0-R AD) *JH.^TS EC H P L C IC<}; o T*- 
^5t-Lfc» mmPiiCiiO. Q5U0NaHz PO. , 
0. OSMONa^HPO. .0. ISMCDMaCU 
0. Oi MiONaNs^pHG- 8KTJlV\^ii{i 
1 m I/5^i:Lfco 

[0 0 6 53 1 OEtP^S EC HPLC^j-W^fTofc^ 
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GftG-C S FOiglfe!-*'3{)^fef3> SfcO. 785^^1 
r^-|l-r^*SlSG~C S Ff^-T^'t-lf-^'A^fe^Ct 

[0 0 6 6] S8aMPEG<DN-t Ho^^iz+^a^v'- 

fi{Jj!t)6 kDaTfcofCo IEI;«)^&^Vo^^cfcdtc, COS 

-MPEG-GCSF|g^i!tJ (|!57. 2 5^V^fcC?,lC 
i/afV^-) . >'"-~MP EG-GC S F|g-&j* (7. 6 
2^Hct:~^) . ty-MPEG-GC S FiiS-^'l* 
(8. 4 3i)-Klf-^') , :feJ;t?*jKiS(??G~C S F 

(9. 8 T^jHctf-^/) o 

[0 0 6 7] m&M(0 9 2 %ti^--e/ p E Gimmcmm 

OmMOHC 1 ■epH4{cI§@t. Sl^JS^Jlr 1 mM 
[0 0 6 8] •ty-MPEG~GCSF^^#:ii;, 20 

mumm-f ^ u AMifit ( p h 4 ) r^wmt ltch 

iLoad 1 6/1 0 S-feyrP-XHPy^J^i, (P 
h a r ma c i a) %/lV^T^ -Y^t^Sit^'OV h ^•^ 

jt^ 1 m 1 /:«-T-7 > |nf!M|jJ?«* 3 v ASlJIJ 1/ > 

NaC l%-@-O0%~4 5%r*^4 0 0^^4g!EO2 0m 
MEff^th';'>is (pH4) ;$:fflV^Ts AVicHsi^^xm 

[0 0 6 9] t/-MPEG~G C S F^m^-tty^"- 

[0 0 7 0] WimcLTs m^<Dm^j^=?-m (I 2. 2 

0. 2 5kDa) OMP EGT;l'Xt:F-E?r h-G-C 
S F^|iM^t§c:^tCcfcoT#e.tL§«^ft*/~MP 
E G - G C S F I^^W^mm t fco 

B. ^/P E GftG-C S FcD^ff 

1 . ^-^fi 

P E Gftil«^f*fc*ittS^^M{±. S D S - P A G 

E. y?vmm. ■Th'J-yi'Xyi^Xr-y Kb-^-xV 

[0 0 7 1 ] 
Cg4] 
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3 10 6 0 0 



m ^ w 












um 




imi 




HPEC-UakDi) -6CSF 


31800 


124343 


mn 


29711 


»P£G-(20l[Di)~6CSF 




iiim 


mil 




»PEe-(25kBi)-CCSr 


41890 


mm 


H/D 


m 



liSL/'cN^^^y-MP E G-Gc s Fm^W(Dmm 

[0 0 7 2] 2. ^fetJ^WStt 
PEGftlVfPEG-GCSFJ?g-&f*<Oi n vitro 

[0 0 7 3] r n V i V o4tl¥«S1t}i, MPEG 

- G C S FS!i^f*t/ctt rhO-CSF (lOOmg/ 

kg) ^/NAx^-tc^Tftitu m.B!kmwm]'&t 
^ctici-yTMisbrco ^mmmtG-csY tttmh 
fc&^mmt. mm (Dnmmm^mtwL 
fcftow B c /mmmT(Dmmt tTii-sLfco m p 
E G - G c s F mmi^<DmMm^mm\m. mmc- 
c s F timLtc^mm^iD^^-^yi'-ift ut«l 

[0 0 7 4] JltlJi. i|«'Jr*^''^l (6 kDa. 12k 30 
Da^ *5<i:tf2 0 kD a) CQMP E GT;Uxt Ftcj;i, 
r h G - C F <^5S7cT;l/+;l/fl:tc J; TSliS Ufet/ - 
N*®MP E G-G C S FSg^mCjlsft-^^eifiltfEfS 

E G it'A^iAf<rKmmm Lfe bfe^t* u 

-Dfco liL.. 1 2kDaMa2Hitcai^T20kDa 
[0 0 7 5] 3. g^ttMM 

» {Cj;oT»b?iN7^(ig{cPEG{tLfeG--CS F 

*fflV>TN5SCtP E G{t:tfcG-C S Ftis 
^lCj;oTN*igtP EGfttfcG-C S F 
O^SgtT^^^CtA^^/b^ofc (NH S-ft'^jeti:!?!! 

[0 0 7 6] 73f* : N*4Si^CPEGftLftG-CS p-y- 

NaOac (pH4. 0) (cii^ 1 m gSSS/m 1 
'^StlTV'fco G-C S F«if-&6.*,P EG 6000 50 



*5 J: t>V y :^ o F i^"^ 7 i o TmS^% 
CO 0 7 7] iB* : ^ft«DM7t;7;l'4^;VftS£a. m<'^ 

EC) %tcii.-^tyiS.m (I E) %jn.^T'#/c. m'n<r) 

[0 0 7 8] 
[^5] 













3 7^/6 5?^* 



3{)^«:t)i9M'5:^/PEGffcI FN-c on, S^IBl^;^ 
[0 0 7 9] CtD^mmiil FN-c orn ^ifMLT 

^ttS07W±>t° y LT J: i/^A^ u C T-J* P 

EG^^)lLTl>§o PEGfWtfjCCTtiPEG 1 2 
0 0 0%«lLTt/^§A\ ffii07j<?tttP E GfflWl 

LT^. <fci^ (p E G 1 2 0 Q ommi^ff^^Bx^im^s 
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[0 0 8 0] A. 3y-t>+^X'1'>^-7xD>CDIIi^ 
P E Cit::sy'i^y^:^^ y^^-y x.tsyoMMic 

ii. Mmm^^A, 6 9 5. 6 2 3^ ic<o^i^^mm. 

con. (*l^fflST'{i I F N - c o n , t^'Si) 
ffltfeo I FN~c 0 n , {JiBMrtT'Oifl-HttDNAcD 

C0 0 8 1] B. n>-fe>+;-X'l'>^f-7xD>'(DP E 10 
Git 

2 0mM©NaCNBH3 ^^tS. ?^JPb (4°C) m» 
LT^V^/c:! 0 0mMO';>'^thy7i.cfiC)I FN- 
con. ^Wi. pH4. 0 (3. 45mg/mK N3fe 

4iA^7n 7 ^isntcmm^ 32.25 ic. s ig 

(MPEG) (TJ^^j-^Sl 2kDa) %tax.fto 
ro 0 8 2] SJ5£;4'tcSQK^iii!?)^if<?)Saiail§3!)-' 
{i, PLRP-S (PL Separation S 
clences Polymer Laborator 20 

i es) o<fcd^Ji?';T— <-X(D4^u (x^i/y/e^ 
[0 0 8 3] 1 ommmmu ? i c^^wois^i, n* 

S^(C7"D «y ^' «tlft a -7 5 /S^JtoSBMO 8 0 % 
jb^MPEG-IFN-con, p3i#:iC^^*ih,feC i: 

[0 0 8 4] 1 ONfMfiOBf/STs 5 e(7?7j< 

T'ftlRb. ^7-MPEG-I FN-Con, m^i^ 

2 0mMCl»K:^^U'i'A»^ (pH4. 0) T 30 
TiribtfcH i Lo a d 16/10 S-tr7TD-X 
HPiJ^L, CP h a r ma c i a) ^ffiV^fc'Y:t>'5cil 

/'»(0mMT:byUicmhuL. *Si5&(?)M P E G T/l'X 

NaC l^#ty2 0mM£DM-th'J'>A. pH4. 0 
cio%~7 5%©4 2 o^it^^gaa^fflv^T. 4X:fC«J 

[0 0 8 5] --eZ-MPEG-I FN-Con, H^ft 

[0 0 8 6] c. "eypEGifny-ty-^A-fy^-y 
xuytDi^m 
1. I^Htt 

IfSbfc^y-MP E G- I FN-C on, ^S^i*:©!^ 
Mttti. 1 0~20%Sfc:(i4~2 0%yU+-yXh^^ 
"7 X >' h (Integrated Separa 
tion Systems) ^Jljl-'fc SDS-PAGE 
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y ¥i)Miirc^ 

[0 0 8 7] #t-/-MPEG-i FN-con, Uco 

^m-^x mwii^m^m) ^m^^rci6ic. s u p 

erose 6HR 1 0/3 0 (P h a r m a c i 
a ) "f^mmtiyl^^mm U)to SBK« 2 S O n mtc 
fctt§^jf|-«)fe]eKJ;c5Tt^ttitfc= BIO-RAD 

[0 0 8 8] »^tlfcN5S!Sity-MP EG-I FN 
-con, S^^*:©@JgS. N^fflSaSi'-'^y 5/:^ 

[0 0 8 9] COI FN-c on, llS^ti±N*il5>5)^ 

^±P EG{t?nTl-»*;^)^o/co U*^bP EGfb^nT!/^ 

tt. ciOgo^Kifj-efi, '<ty^mi''o^}-^'yy-f'^ 
■^'< XmW.^ D ^ F y V 7 ^ 1 fcft!!^)?^ J; o 

[0 0 9 0] 2. 

ty-MPEG-I FN-Con, |jli^f*cDi n vi 

t^Ct^z^-oX'i^&Lfz^ t/-MPEG-I FN- 
Con, ^^W<D in V 1 t r o ^l^^fi^Stfctis t 
F (He La) MfC&nt§^(DK'^7'l';l/X*t^jStt^ 
iiJ^-r ^ C i o T^S L fco 
[009 1] ^/-MPEG (1 2kDa) - IFN- 
C o n , *fif|ifii:i:tSLT 2 0 %0 i n 

V i t r o^Mm^. (U/rngMSK) ^Tr-tChWA 
tS^^tzo ?^G\tG-CSV(Dt^^xm^Lfc^o 
i n V i t r or-y-bf a^^fl^gtt^^ait- 

MtliKii Lfc®6lW©Si4*^^)^* {ft < Hi § ii^^fe 
:5o I n V i V o^tl^WS-Itt* In v i t r o4 

[0 0 9 2] D. N*^7*P<i'^'^^?^[^*Lfdk^S^ 
0fifiD y-fey+^X-^' y^f-7 X D /i^fel^S Lfr N*i^ 
7a -y ^'^^^O-SP^^toijiO I F N - c 0 n I }C?rt 

^7 }\'^MtXiAz.\t PEG12000i:PEG 200 
0 0£DS>3^fflV^fco 

[0 0 9 3] ^^?<DH*HtO5)?SfiWT©fc^5 0T?^ 

^fe : 

[0 0 9 4] 
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31 32 



3© ^ » 






I FN-c o ni 


104. 0 kDa 


35. 6 kDa 


^JUPEG (20kDa) 
1 FN-c o ns 


175. 1 kDa 


55, 4 kDa 



iwmm 



F P L C-f *>3^J^4'nvh^"77-YS^-pft I FN- 
con> 20kDAPEG |g'&{*©^^#f Tti. 3 0<D 10 

t/MPEG-I FN-coni : l^ffi^^O 6 6 % ( 2 

6 5. 9 3ml T'Stttl) 

m&nMM<^^^XftVdtMPlG-l FN-c on, 
M-g-f* : ^MtD2 4% (2 3 8. 4 2ml-e^[ii) 
5!cKl6<DI FN-c on. : ^ffi^CO I 0 % (3 2 8. 

7 7 tn 1 r^rnm o 

[0 0 9 5] ^#{iCtU^±gli{tb**^ofc, ^av 

h^'^7'(' */c}i:^(Dffi©;^^*^^^{i\ P E Git 

[0 0 9 6] 3!5:%BJ^>^^^f$H.^^)lii^5!l^c■Ol^Ti^^^Lft 

AISACTCCAT rWSaTCCTQC TTCTTCTCTG CCGCAA3USCT JTCTGCTCAA XTGTCTGGAA 



[009 7] 
[fb3] 



5 3 1 mmn 

mm 

cDNA 



CAGOVXCeVA AAATCCAGGG tGACGQTGCT GCXCX«CAAG AAAAACTGTG CSCTACTS'AC 
AAACTOTOCC ATOOSSAASA OCTGOTACT6 CTGOGtCATI CTCTTGGGAT CCCGTGGOCT 
CCGCTSTCTT CTtGTOCKtC TCAAOCSCTS CAGCTieGCTG eTTGTCIGSC TCAACTGCAt 
TCseGTCTGT TCCnSVATCA GGQVCSXCIG. CAAGCTOSOS AASSTA'TCZC VCCQQAAC7G 
CGT0CCAC7C TG6ACACTCT GCA6CTAGAT GSAeCTGACV XTOCTACTAC tAT,XT(3<iCAA 
CAGASGOAAe ASCVCOgTAT GSCACCAQCT CXGCAACCGA CTCAAlSOTGC TATGOCGGCA 
%T03CTTCT6 CAf YCCMSCS TCtSTOCAQQA OGTOTACTOe TTSCTTCTCA TCTQCAATCT 
TTCCraOAAG TATCTTAOC6 TSXTCTQOOT CAVCVCKSCTC JUSOCGTAAm G 



1 7 5 



EM : 
[0 0 9 8] 
lit A} 



60 
120 
IBO 
249 
300 
360 
«20 
<80 
531 
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33 34 

Met Thr Pro Leu Gly Pro Ala s«e Ser heu Pro Gin Ser Phe Leu Leu 
15 10 X6 

Lye Cy» Leu Slu Gin V«l Arg Lys lie Slh Gly Asp Gly Ala Ala Leu 
20 25 30 

Gin Glu Ly» Leu Cys Ale Thr Tyr Lys Leu Cya His Pto Glu Glu Leu 
35 40 . 45 

Vel Leu Leu Gly His Ser Leu Gly lie Pro Trp Ala Pro Leu Ser See 
50 55 SO 

Cya Pro Ser Gin Ala Leu Gin Leu Ala Gly Cya Leu Ser Gin Leu Bis 
€5 70 76 60 

Ser Gly Leu Phe Leu Tyr Gin Gly l.eu Leu Gin Ala Leu Glu Gly lie 
85 90 95 



Ser Pro Clu Leu Gly Pro Thr Leu A«p Thr Leu Sin Leu Asp Vel Ala 
100 lOS 110 

Asp Phe Ala Thr Thr Xle Trp Gin Gin Het Glu Glu Leu Gly Met Ala 
lis liO 125 

Pro Ala Leu Gin Pro Thr Gin Gly Ala Met Pro Ala Phe Ala Ser Ala 
130 135 140 

Phe Gin Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gin Ser 
1«5 150 155 160 

Phe Leu Glu Val Ser Tyr Arg Val Leu Arg Bi« Leu Ala Gin Pro 
165 170 175 



im 1 B] t/P EG{tG-C S F©^fflc05^?fflOS 
DS-PAGET*$i§o 

[E12] S EC-HP LC^a-7-i—;l/T'feOs (U- 

{U-yB') : SCM-PEG-GC S FKtSJg-^l^; 
(U-yC) : N^SSPE GftG-C s F ; iu-y 

D) : U-»3 5^/PE GitG-C S F ; (U-y 

E) : •;v'>'4 ItyPEGftG-CSFT'fcSo 40 
tll3A] HP LCX>FyD•r'1'■:^-€S Vg'-^y^^ 
}^-?yi-y^hU'~-yyVTh^. N^ffiPEGitG- 

C S F ^^fo 

[E13B] HP LCX^Fynf-'ff— tfSVS-^y^ 
GftG-C S r^mt. 

CIUSC] HP LCxyKyDx-Yf-— tfS V8-^7'^ 

VTy^yifhiy—yy^^T'h^. Vi^y4 itypE 

GftG-C S F^^to 

[BI4] */PEG{t:G-C S F«Oi n v t r o4 50 



[S6A] t/PEGitG-CS Fi|3ii|:cDi n vi 

^PEGftG-CSF, Ufyya S't/P EGftG-C 
SF*fcaU>':^4 l^/PEGfbG-C S F^-lHl^ 

tEI5B] */PEGftG-CSF^^f*6Di n vl 

(o^m^y PEGitG~csF mmii.^~-m^Tmi t 

tH6A] N^S^PEGjkG-CSFSfttiUv-ySS 
t/PEGjtG~CSF <DSS1t.cDMMISa(0 S E C ~ 
HP LC'/n7'r-;PT'a&?>o N*^*yPEG{tG- 
CSF(DpH6. OTM'CfcTffo/cSSIfKiliD'/a 

y-f-Jl^^^tc 

[06 3] NMt^?EGitG-CS¥^rclV)'yy3 5 
t/PEGftG-CSF (D^'Z^(DUmtm(0 S E C - 
HP LC7'n7f-;PTfe^„ Vi^yS 5^/P E Git 
G-CSFOpHe. 0-^4 VlCTn-ofc^t-ilbU^fO 

~:fuy^ -/\y^mto 

[nee] N«PEG{kG-C S F^fcfiUi/iXS 5 
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35 36 
^/PEG{l:G-CSF(?D^^14£7)Mi^|g^OSEC- * [08] MP E Gc?:)N~b: Fn^^i/X^^S^y-T Sv^;l/X 

HP LCyn7^-;l/T$So US/>35^yFEGft (MWti-^^f} 6 k D a ) ^fi(.^fcigrsjl'a^$S^f3 

G-C S Fc?:)pH6. OTMr^CTtfo/cEiff^^E-Sb ^-YX»H P L C ic J; ^j^^rrSSH^/Wo 

fcSmiSMil^a^m^^t-yn 7 ^ "-;VTfe5o a#P4 [la 9 ] ^"f-mt^m-^s^ ( e k D a . l 2 k D a *5<fclf 

{ rrj ) (±0|S(^S^fo 2 0kDa) MPEG7;l^f^^liF5iTrh"-G-CSF 

[il7] r h-G-C S Ft^ F+>^d<y x^i^y ^^^U ^DM75Wz;I/*;WI::^tT9 i:lci:c)TMiiL/c'-ey N 

3-;VT;l/Tb F (MW6 k D a) fc(Dii7Efi^Z;l/+;l/ *SMP E G-G C S F^^S*t?*T5. -HI^jfeTiS 

[01 A] 



Rg, 1A 




I j^f all ii m iSs j5 tSs mB «5 136 iw i» ico 



[H23 

SEC-HPLC :rtJ7-f-fl. 
{A) rHuG-C8F ^ ^ 

C) ^^^^ 1 (Nv^fe^isapf*: ) 

E) ^^^S8 3{Ly&41 lt«f»: } 



*^ 0,60 























0^ 0^0 i.bo 1^0 '1.^ 1.^ 
xto^ « 



100 
90 

VL 60 
40 

^ 2D 
10 
0 



1QD 



QCSF 



CB143 
Fra.4 



68 



66 



Lys36 



&1 



Lye 41 



(20) 



¥m¥ 1 1-310600 



[lai B] 



CHS A3 






40 y 








30 - 


i 


25 -- 




20 ^ 




15- 


i 






10 




5 - 




0 ,» 




7 



1 MWiS'wti^sawfiSflii • 

2 rHuQ-CSF 3.0 

3 SCM"PeG*QCSF SEJEfciB^ 10.0 

4 ^>^M 1(N-"5t?fi») 10.0 

5 ^^ffi 2{Lyttv3a) 10.0 

6 ' 3 (Ly$-41> '"10.0 



[S3 A] 
Rg. 3 A 
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[038] 
Rg.3B 




80 100 120 



[03 C] 
Rg.3C 




ill) 



11-310600 



Fig. 5B 




0 1 a 3 4 5 6 7 



[06 A] 
Rg.SA 



[H6B] 
Fig. 6B 



8.00- 
6.00' 
^ 4.00' 



T«0 6f J 






T=« B ^ — ^ 












1 1^ 4 " 'i * 1- T * _ 




mm^ 1 1 3 i 0 6 0 0 



FI9.6C FiS*7 

Lys36 ^^PE<Hb <3W5SF,pH7 



00 




<24) 
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(sDint.ci/ mmtm 

A 6 1 K 38/21 

U -h U yt}\'-T • 91320. 

• n- b . 3501 



F I 

A 6 1 K 37/66 Z 

7>{ U * U 7:t;l'-7 • 91320, 

. \y—y . 667 

h ■ 129 



